Objective. The aim of this study was to evaluate the "real world" effects of the monoclonal antibody omalizumab (OMB) when used to treat severe persistent allergic asthma in UK clinical practice. Methods. A 10-center retrospective observational study was carried out to compare oral corticosteroid (OCS) use and exacerbation frequency in 12 months pre-versus post-OMB initiation in 136 patients aged !12 years with severe persistent allergic asthma. All patients received !1 dose of OMB. Patients who had received OMB in a clinical trial were excluded. Data were obtained from hospital and if necessary general practitioners' (GPs') records on OCS use, lung function, hospital resource use, and routinely used quality of life (QoL) measures at baseline (pre-OMB), 16 weeks, and up to 12 months post-OMB initiation. Results. Mean total quantity of OCS prescribed per year decreased by 34% between the 12 months pre-and post-OMB initiation. During the 12 months post-OMB initiation, 87 patients (64%) stopped/reduced OCS use by 20% or more and 66 (49%) stopped OCS completely. Mean percent predicted forced expiratory volume in one second (FEV 1 ) increased from 66.0% at baseline to 75.2% at week 16 of OMB therapy. The number of asthma exacerbations decreased by 53% during the 12 months post-initiation. Accident and emergency visits reduced by 70% and hospitalizations by 61% in the 12 months post-OMB initiation. Conclusion. This retrospective analysis showed a reduction in exacerbations and improved QoL as per previous studies with OMB. However, the total reduction in annual steroid burden and improved lung function in this severely ill group of patients taking regular or frequent OCS is greater than that seen in previous trials.
INTRODUCTION
Omalizumab (OMB) is an anti-IgE recombinant humanized monoclonal antibody designed to treat IgE-mediated disease by reducing the plasma concentration of free IgE antibody. The efficacy and safety profile of OMB in severe persistent allergic asthma was described in international clinical trials (1) (2) (3) (4) in which OMB as an add-on therapy reduced the number of asthma exacerbations, reduced the concomitant medication burden, improved symptom severity, and improved quality of life (QoL) compared to standard therapy alone.
OMB became available for prescription in the United Kingdom (UK) in October 2005. It was accepted for use in the National Health Service (NHS) in Scotland by the Scottish Medicines Consortium (SMC) in October 2007 for patients aged !12 years (5) (extended to cover patients aged 6 to <12 years (6) in March 2010), where it is restricted to initiation and monitoring by hospital physicians experienced in the diagnosis and treatment of severe persistent asthma and to patients prescribed systemic steroids and in whom all other treatments have failed. The National Institute for Health and Clinical Excellence (NICE) recommended its use in England and Wales in November 2007 (7) , within the licensed indication, for patients aged !12 years, with severe unstable disease requiring hospital treatment in the previous year.
Patients with unstable severe allergic asthma have a high unmet medical need and are at increased risk of hospitalization for exacerbations or asthma death. Despite efforts to minimize chronic oral corticosteroid (OCS) use due to the well-documented long-term side effects (8) , a significant number of patients with severe asthma need OCS. In addition to the personal burden on patients, the direct cost of asthma to the NHS was estimated at £889 million in 2001 (9) .
Although randomised controlled trial (RCT) evidence has demonstrated the efficacy of OMB, clinical trial results do not always translate into routine practice, where the drug is used in a less controlled manner in a broader range of patients. To date, there are international real-life experience *Corresponding author: Fran Percival, pH Associates Ltd, Derwent House, Dedmere Road, Marlow, SL7 1PG, United Kingdom; Tel: 01628 401720; Fax: 01628 486029; E-mail: fran@phassociates.com data (10-16) but only limited UK studies (17) (18) (19) (20) , describing the outcomes achieved in routine clinical practice where access to OMB has been restricted by several criteria including severity of illness and previous treatment and to specialist prescribers. The primary objective of this study was to investigate the steroid-sparing effect of OMB in the UK context, by comparing the total quantity of OCS prescribed in the 12 months pre-and post-OMB initiation. Secondary objectives were to compare exacerbation rate, hospital resource use, lung function, patient-reported asthma control and QoL.
METHODS
Ten UK centers with a special interest in severe and difficult asthma where OMB had been in use for !12 months, with !8 patients (per center) having received OMB treatment, were purposefully selected to participate in this retrospective observational study. All treated, consenting patients were included.
The study was approved by the Moorfields and Whittington Research Ethics Committee on 15 December 2009 (reference 09/H0721/74). Local management (R&D) approval was obtained in each center.
Patients who had received !1 dose of OMB, were aged !12 at initiation, and in whom OMB was initiated !12 months before data collection were identified by the Principal Investigator from a clinic database or diary. As this was a retrospective observational study, the criteria for selection of patients to receive OMB were not set as part of this study; the aim was to study all patients who received the drug as part of routine clinical practice in the UK NHS, incorporating any slight local variations in patient selection, to give a "real world" perspective on the outcomes achievable with OMB. However, patients in the participating centers are routinely assessed to exclude alternative diagnoses which may mimic severe allergic asthma, such as acute bronchopulmonary aspergillosis and vasculitides. Similarly, the need for allergen or salicylate avoidance is assessed, strategies advised where appropriate and their effect monitored before OMB prescribing is considered. Patient informed consent was sought for research access to the medical record and researcher contact with the general practitioner (GP) if needed to complete the study dataset. Patients were excluded if they declined to consent, had received OMB in a clinical trial, or if their hospital medical records were unavailable.
Anonymized-coded data were collected from paper and electronic hospital medical records between February 2010 and January 2011 by two researchers from pH Associates (an independent research company), according to detailed data collection rules. Date of OMB initiation was between 10 April 2006 and 7 January 2010. Data collected included patient demographics, OMB dosing, OCS prescriptions, documented exacerbations (defined as an increase in symptoms requiring treatment with systemic corticosteroids), and hospital visits and admissions for the 12 months pre-and post-OMB initiation; lung function test results, FEV 1 (L and % predicted), were available in hospital records, but they had not been standardized as pre-or post-bronchodilator values and patient-reported outcomes from the Asthma Control Test (ACT) (21) and Asthma Quality of Life Questionnaire (AQLQ) (22) at baseline (immediately pre-OMB initiation), 16 weeks, and most recently up to 12 months post-OMB initiation (exact time points for assessments could not be stipulated for the study as this was a retrospective observational study of routine clinical practice). Details of any adverse events occurring during OMB treatment were also recorded, to comply with European pharmacovigilance regulations. For patients whose initial secondary care referral was <12 months before OMB initiation, the patient's secondary care consultant requested data (using a standard letter) from the patient's GP on OCS prescribed and hospital admissions for asthma within the study period prior to referral.
Data were entered into a study database and analyzed according to a pre-specified analysis plan by the sponsor, Novartis, UK. The data of all patients who had received at least one dose of OMB were analyzed.
Patient demographics and other baseline characteristics were summarized using descriptive statistics-contingency tables for qualitative variables (gender, race, and age group), and mean, standard deviation, median, minimum, and maximum for quantitative variables (age, weight, and duration of severe asthma). Age of subjects, duration of disease, and so on were calculated with respect to the date of OMB initiation.
Analysis of The Primary Objective
The primary objective to quantify the steroid-sparing effect of OMB was evaluated by calculating the difference in the mean total quantity of OCS prescribed per patient during the 12 months pre-versus post-initiation of OMB (post-OMB minus pre-OMB) and its 95% confidence interval (CI). The null hypothesis that there was no difference in mean total quantity of OCS during the 12 months preversus post-initiation of OMB was tested by paired t-test. OCS prescribed doses were converted to prednisoloneequivalent doses according to the equivalence table in the British National Formulary (23) .
Analysis of Secondary Objectives
Mean daily dose per patient was compared over the same 12 months periods (pre-and post-OMB initiation), but averaged only for the days on which each patient was receiving OCS. Other variables, such as lung function tests, hospital resource use, and so on, were analyzed similarly (by calculating the mean difference (post-OMB minus pre-OMB), its 95% CI, and applying a paired t-test). Sub-group analyses included outcomes in patients who were and were not taking continuous OCS (defined as daily OCS for the 6 months preceding OMB without break) at OMB initiation.
RESULTS

Demographics
A total of 171 patients were invited to allow their records to be used for the study and 147 (86%) consented. Of these,
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11 were ineligible (clinical trial patients, n ¼ 8; data collected twice in error, n ¼ 1; and medical records unavailable, n ¼ 2) and 136 were included in the study (range: 7-36 patients per center), an inclusion rate of 80% ( Figure 1 ). The study sample was composed of 68% females. Median age at diagnosis of asthma was 8.0 years (range: birth-72 years); median age at data collection was 42.8 years (range: 12.1-83.6 years) ( Table 1) . Most patients (65%) had never smoked, 2% were current smokers at OMB initiation and 18% were ex-smokers (median: 7.5 pack-years); smoking status was not recorded in 15%. Prior to OMB initiation, 94% of patients had at least one documented allergy, with the most common being to animal fur (58%), pollen (47%), and house dust (46%). Eighty-two percent of patients suffered from one or more respiratory or allergic comorbidity, most commonly seasonal (46%) and perennial (28%) rhinitis (Table 1) . Systemic asthma medication (excluding OCS) prescribed in the year before OMB initiation included theophyllines (n ¼ 99 patients, 73%), leukotriene receptor antagonists (n ¼ 82, 60%), immunosuppressants (methotrexate, ciclosporin, azathioprine, or tacrolimus) (n ¼ 14, 10%) and oral long-acting β-antagonist (bambuterol) (n ¼ 4, 3%). For 17 patients, no systemic asthma medications were documented in the hospital records in the year pre-OMB.
OMB Dosing
Patients received a mean (SD) of 18.3 (8.19) doses of OMB over 315.6 (103.64) days during the study period. This includes 24 patients (17.6%) classified as "nonresponders" according to the product licence criteria at 16 weeks (which stipulate a clinician assessment taking into account peak expiratory flow (PEF), day-and nighttime symptoms, rescue medication use, spirometry, and exacerbations (24)), in whom treatment was stopped for this reason and 112 (82.4%) patients classified as "responders" at 16 weeks (Figure 1 ). Most patients (n ¼ 85, 62.5%) received doses of between 225 and 375 mg every 2 weeks; the remainder (n ¼ 51, 37.5%) received 150-300 mg every 4 weeks. No patient received more than 375 mg every 2 weeks.
OCS Use
The mean total quantity of OCS prescribed in the whole study sample (n ¼ 136) decreased from 5.5 g in the 12 months period pre-OMB to 3.6 g in the 12 months post-OMB (p < .001); a 34% decrease in total annual OCS burden. Mean daily OCS dose (on OCS-treated days) decreased by 5.5 mg (25.6%), from 21.4 mg pre-OMB to 15.9 mg post-OMB (p < .001) (Figure 2 ). Sixty-six patients (48.5%) stopped OCS within 1 year of OMB initiation and 87 (64%) stopped or reduced OCS dose by !20%. Of those patients on continuous OCS for the 6 months pre-OMB (n ¼ 90), 35 (38.9%) stopped OCS and 59 (65.6%) stopped or reduced OCS dose by !20%.
Concomitant Medications and Exacerbations
There was little difference in the concomitant asthma medications between the pre-and post-OMB study periods; only five patients started a new systemic asthma medication (excluding OCS) in the year post-OMB initiation (theophylline, n ¼ 3; montelukast, n ¼ 1; and methotrexate, n ¼ 1) while 56 systemic medications (excluding OCS) were stopped at or before OMB initiation (theophyllines, n ¼ 24; montelukast, n ¼ 19; immunosuppressants, n ¼ 11; and long-acting β-agonists, n ¼ 2). The number of patients stopping systemic medications during OMB treatment was not recorded for the study. The same 17 patients with no systemic asthma medications documented in the OMALIZUMAB IN SEVERE ASTHMA: UK RETROSPECTIVE STUDY 531 hospital records in the year pre-OMB also had none documented in the year post-OMB initiation. The mean number of asthma exacerbations decreased from 3.67 events/year pre-OMB to 1.7 events/year post-OMB (p < .001).
Lung Function Tests
Lung function test results, where available from clinical records (numbers available for the analysis are shown following each result), showed a 12.8% increase in mean FEV 1 (% predicted) from 62.9% at baseline to 71.0% at 16 weeks (p < .001) (n ¼ 111) and a 12.4% increase from 69.9% to 78.6% at the most recent assessment (approximately 12 months post-OMB initiation) (p ¼ .002) (n ¼ 32) ( Table 2 ). Mean FEV 1 (L) also increased from 1.99 L at baseline to 2.10 L at 16 weeks and 2.22 L at the most recent assessment (p < .001). Mean PEF (L/min) increased from 296.9 at baseline to 348.5 at 16 weeks (p < .001) (n ¼ 91) and from 299.2 at baseline to 326.8 in the 58 patients with a most recent assessment (p ¼ .004) ( Table 2 ).
QoL and Patient-Reported Asthma Control
QoL, measured by median AQLQ scores and asthma control, measured by median ACT scores, improved significantly from baseline, both at 16 weeks and at the most recent measurement up to 12 months post-OMB initiation (Figures 3 and 4) .
RESOURCE USE
Resource use (mean (SD)) decreased in the 12 months post-OMB initiation, compared with the 12 months pre-OMB initiation in terms of A&E visits (0.46 (1.42) vs. 1.52 (2.19) (p < .001)), inpatient hospitalizations (0.51 (1.10) vs. 1.30 (1.73) (p < .001)) and bed days (2.97 (6.34) vs. 9.10 (14.44) (p < .001)) ( Table 3 ). There were also statistically significant reductions in consultant There was no significant difference in the use of other secondary care services such as outpatient appointments, nurse, and pharmacist consultations but it should be noted that visits made only for OMB dosing were not recorded (Table 3) .
DISCUSSION
Study Limitations
As with any retrospective study, the data quality relied heavily on the accuracy and completeness of available clinical records. Incomplete data may have been obtained on OCS prescribing (due to many patients self-managing dosing and/or obtaining further supplies from their GP), concomitant primary care prescribing and admissions to other hospitals. Where data were incomplete, assumptions were made regarding the typical course of steroids for exacerbations; these were applied identically in the preand post-OMB periods. Although overall OCS usage may be underestimated, it is likely that the underestimate is greater in the pre-OMB period, as patients are more closely monitored following OMB initiation. Hence, the reduction in OCS usage and exacerbation rate shown is likely to be an underestimate of the true effect size. Nevertheless, it is possible that the more regular contact with asthma nurses for OMB administration in the post-OMB year may have been a contributing factor in the reduction in hospital admissions and exacerbations seen. This is a limited sample size, although it is estimated that this covers approximately 1/8 of the UK population receiving OMB for severe persistent allergic asthma at the time of the study. The study sites were all large specialist asthma centers and it is possible that the outcomes achieved in these centers may not be representative of all UK centers.
Unlike studies comparing parallel groups, the comparison of the 12 months pre-and post-OMB initiation periods does not take account of any spontaneous improvement in asthma morbidity. However, this is unlikely to be a significant confounding factor in this severely ill group of patients.
Finally, the lung function data have to interpreted with caution as there was no standardization of lung function done pre-or post-bronchodilator, as this was a retrospective data collection. Despite the significant limitations of the study, there are some important individual findings. First, the 34% (1.87 g) reduction in total quantity of OCS prescribed in the 12 months pre-versus post-OMB initiation also expressed as a 5.47 mg (26%) reduction in mean daily OCS dose per patient is clinically important. Approximately 50% of patients stopped OCS and 64% reduced OCS dose by at least 20%; results were similar even in the sub-group on continuous OCS pre-OMB (i.e., most severe). Reducing OCS use is an important goal of therapy for patients with severe asthma, in view of the well-documented adverse effects of long-term exposure to systemic corticosteroids (25, 26) . These results, achieved in routine clinical practice in the UK NHS, are in line with those reported in a previous observational study conducted in France (27) in which 64% of patients reduced or discontinued OCS and mean daily OCS dose reduced by 8.7 mg, and also with the PERSIST study (10) , conducted in Belgium, where mean daily dose of methylprednisolone reduced by 39%. In a study in Irish patients (28) , although the number of OCS courses reduced from 3.08 to 1.16 in the 6 months pre-and post-OMB, respectively, the median OCS dose remained constant at 10 mg. However, in that study there were fewer patients on continuous OCS than in our study (13% vs. 66%).
The demographic profile of the study sample represents a typical severe persistent asthma group. The higher ratio of females to males in the study is consistent with a higher prevalence of asthma in adult females vs. males reported in the literature (29) .
There was a reduction in the number of asthma exacerbations requiring OCS following OMB therapy with a similar effect size to RCT data (2) and previous international observational studies (10, 28, 30, 31) . As all exacerbations were treated with OCS, the reduction in exacerbations may be a contributing factor in the reduction also seen in the number of patients requiring OCS and the reduction in total quantity and mean daily OCS dose. As very few patients (n ¼ 5) started other systemic asthma medications during OMB treatment, this and other outcomes seen in the study cannot be attributed to the effect of medication taken concurrently with OMB.
Improvements in lung function were also seen and the difference from baseline was statistically significant for all measures (FEV 1 (L and % predicted); peak expiratory flow rate (PEFR)) at one or more time points post-OMB initiation. This effect has not been demonstrated consistently in previous RCTs, but a similar effect was seen in one other observational study (28) . However, the mean change did not consistently reach 10% (a magnitude of change deemed potentially clinically significant in this population), for all measures at all time points. Furthermore, the recording of lung function measurements was patchy, resulting in analysis based on small sample sizes for some measures and/or time points and was not consistently recorded pre-or post-bronchodilator in routine practice at all centers, this should be addressed in future observational studies.
There was a low rate of admissions to A&E and general hospital wards in the study cohort, suggesting this is a group of patients who are predominantly self-managing at home. Nevertheless, the results suggest that OMB use is associated with a significant reduction in hospitalization rates and length of stay, with a saving of over a week of hospital stay per patient per year; a valuable improvement from both the patient's and the NHS' perspectives. While a health economic analysis of this entire dataset would be of interest, until the full long-term cost of the deleterious effect of treating side effects of OCSs is calculated, such an analysis would be futile.
Both the ACT and AQLQ improved by clinically significant amounts and it is noteworthy that overall the ACT moved out of the poorly controlled range. From the patient's perspective, this is clearly important. The positive effect of OMB on patients' lives is further supported by the improvement in QoL, seen in the increase in median AQLQ score in the 12 months post-OMB initiation. The improvement in AQLQ scores was better than in the PERSIST study (10) at both 16 and 52 weeks-but PERSIST patients had a slightly higher mean baseline score (3.24 PERSIST vs. 2.8 this study).
In this study, patients were classified as "responders" if they had continued with OMB treatment beyond 16 weeks (n ¼ 112, 82.4%), as response to treatment was a condition for continued funding of OMB by NHS payers. Although this method of classification is not directly comparable with those used in other studies of OMB, it is notable that the proportion of "responders" in this study was considerably higher than the 60.5% of OMB-treated patients judged to have an "excellent" response in the Investigation of Omalizumab in Severe Asthma Treatment study (INNOVATE) trial (2) . This is particularly so because patients in this study had, on an average, more severe asthma than the INNOVATE patients (2) (mean 3.67 asthma exacerbations in 12 months pre-OMB vs. 2.64 in 14 months pre-OMB in INNOVATE). The "response" rate was the same (82%) as those with "good" or "excellent" Global Effectiveness ratings in a comparable European observational study "Real-life" effectiveness of omalizumab in patients with severe persistent allergic asthma study (PERSIST) (10), suggesting that patients are being carefully selected for OMB treatment and it is not being used inappropriately. Although compliance with NICE/ SMC guidance was not formally assessed in the study, local payers require these patients have a detailed workup prior to the use of OMB. All of the centers involved in this study have an interest in severe and difficult asthma and patients are extensively investigated to exclude comorbid and associated conditions known to present to severe and difficult asthma clinics. These conditions include reflux-induced cough, hyperventilation, poor compliance, and bronchiectasis. The rigorous exclusion of these patients may have led to treatment of a group who had a greater likelihood of responding to treatment with OMB. It 534 N. BARNES ET AL.
is also possible that some of the large QoL responses may in part be due to concomitant management of the coexistent comorbidities and cannot all be assumed to be directly related to the OMB treatment.
FURTHER STUDY
Prospectively planned observational data collection would improve the consistency of data available across the various lung function and QoL measures employed in clinical practice. Patient-held steroid diaries may also elicit more complete data on OCS usage. It would be interesting to understand the criteria by which patients are being selected and by which successful management is occurring. It appears that the strict criteria set down by NICE may not take account of the selfmanagement of this severely ill patient group.
CONCLUSION
This retrospective analysis showed a reduction in exacerbations and improved QoL in this UK patient population as per previous studies with OMB. However, the total reduction in annual steroid burden and improved lung function in this severely ill group of patients taking regular or frequent OCS was greater than that seen in previous trials. OMB use was also associated with a significant positive impact on unplanned hospital resource use in the year after its initiation. These are important quality improvements in the management of asthma for these previously difficultto-treat patients.
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